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25X1 : ; - (FOR KEY SEE REVERSE) 


General 


1. The most important contribution of the Germans at NIT 9 was the further devel- 
‚opment of the Wasserfall © ke Hausyer, there were wther projects 
25X1X that were carried nut, 


na an 


2 I] NII 19 eontinued the devreismment of the Wasserfall computer sys- 
tem which had beein started at Gema, Berlin, At Gena, [____ ]reassenbled a 
25X1X Wasserfall computer system in mock-up form. The majority of the components 
of the system were availlable to us at the time, he Soriets had instracted 
25X1:: the group at Gema to rebuild the entire computer system. It appears that the 
Sorietg were under the impression at the time that the German development pro- 
gram was further advanced than it actually was. After the German progress had 
been made clear, the Soviets instructed the group to complete the developnent 
into a finished prototype. The key Soviets with whon the Gema Germans dealt 
with were; ö 
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7. -G6lonel (Army) BARNIM, Director ft Cm D4|———— 
Army) SINELEIEINTG, Chief of Antiaireraft 
Missiles (under BARNIN) 


Colonel 


In general, the Germans had most of the necessary equipment, but our 
wörk progressed slöwly because we dependsd on the’ prodüuetivity of the. 
Boviat workshops' (machine shops, electrical Shops, dtc. ). There was 
always aifficulty with Wie vacuim tube‘ supply. They had no Spare German 
tübes and Sonsequantiy used then very carefülly. The work on the redesign 
and improvement lasted until September 1951. The first oompüter, hawever, 


. was delivered to the Soviets in July 1919, when it was apparently. taken 


to'a Mring range. This firing range, according to hearsay, was about 
800 miles 'aoutheast of Moscim. Tas computer delivered to Wie Bovists 
was in a mock-up form. /See Diagran 6, wine if 7 


Wodifieation of the Computer Syaten for Sovist Gomponents 


„errors would oancel out. 


Soviet Resistors. 


25X1 6a 


The biggest problem In modification to acconmodate Sovlet eönpone por u, 
t je imponentse 8 


Hipiters were accürata to’aböut two mils, sheress the Soriet j 
üsters were accuräts cAly To 10 mils. The Atcüräcy"of this So 
Ste Arova our group ta compensating me 


Soriet-reslätors were very’pöor.” They haaded resistors 


accur Frenin 1,0 per sont, but could only get Five 'per’eent resistors. 
We had to sort through hundreds of’ resistors in order tö get the omes 


wo needed. The temperature characteristics were also bad. It was nec- 
oasary to readjust the computers aus the resistors warmed üp.- It was 
sorsidered standard procedure at NII 19 to allom a one hour warn-up 
period for'oömputer equipment. It was later plarned to provide some 
tenperature control equipment in the computers in order to meet the 


.Boviet specification of minus 70 degrees to plus 50 degrees centigrade. 


Sorist Condensers 


= 


The accuracy of the condensers were equally as bad as the Soviet resis- 
törs, Produötion precision condensers were ascurate only to five per 


...gent, The temperature characieristios were also unsatisfaotory. 
Sovist Yacıım Tüben n 


% 


 Milatirel 
Hook mon 


'Soviet vacımm tubes were generally reliable. The tube charsoteristios. 


were rouglily y oomparäble to thöse aveiläble to the Germans dufing the . 
wär, He never, tubes with gläsa envalopas tendsa To became gassy.In a 

v short tins. The’ supply was avidentIyadegüuste, although it 
I 8'to döliver on reqüests,. The Standard answer to Queries on 
süpplies Has "Later". After a ehort wiile, we recögniiäsd the 'inevitability 
of"long' delays in the tube süupplies, and laid in an adequate supply which 


we. kept up to a certain level at all tims. 
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Laboratory Test Equipment u 
9, The läck of test equipment was the largest problem that the Germans had 


in the USSK, It was difficult to obtain an adequate supply of ammeters, 
milliämmeters, frequency meters, volimsters, wättmeters. Germans 


' 25X1 wärs forced to constrüct oür am stroboscope, two-besm oscilloscope, and 


vacuün-tube-voltmeter. The test equipment that we did have was largely 
German, Austrian,and English. The Germens were fürced +0 Improvise a 
göesät deal in’providiüg test egüipment. The’ Söviet enginsers mere quite 
used to this situation, änd were very good at improvising whenever they 
wer& faced with lack of equipment. The Söviets were evidently surprised 
at seeing test jacks built into commter equipment. They were in the 
habit of "lashing up" equipment in a very crude form. 


Inprovement to_the Initial Trajectory Computer (Einlenkrechner) 2: 

10, The rirst Wasserfall Computer systen was delivered to the Sovlets in 1918. 
This Fepresented the completion'of the original design started in Cermny 
during the war. Even before the firing tests in the summer of 1919, 
the Soviets demanded möre accuracy in the computer whöse inaccuracies 
wera.as great as 10 degrees. The improvements included: 


» ‚Stabilized voltage source for the servo amplifier. a 
b. Phase correotor for input of Ganma double dot to amplifier. 


e,. Elsctricgl derivätion of Gamma double dot versus tachemetric 
derivation in the original. 


od, A Iimiter was inciuded in the computer to prevent the missile from 

Fe  elösing more rapidly than for a target moving ät Four degrees a 
second (from the control point). This wäs done in order to prevent 
this Necessity for high accelerationg in control of the missile. 
Auring its initial trajectory. 


e. A "chopper" in the design as an improved method of produeing 
an alternating current carrier. | 


11. This computer was tested by applying an arbitrary input, and measuring 
‚the Aifference betwsen the output and the’ thesretical output, The 
äcduräcy öf the computer was below one degree, or better. During 
the period that work was being done on the improvement to the com- 
puter, the Soviets displayed no apparent interest. However, in the 
mornings when the Oermans same to work, it mas obvious that someone 
had been tinkering with the equipment. This to me reflected covert 
 Soviet interest in the Wasserfall computer. The computer was tested_ 
and turned over the the Soviets in September 1951. /Ses pages 9-16./ 


Design to Elininate the Parallex Computer 


12. The’parallax computer introduces errors into the calcüulation of the 
£light trajectory and during the control that follows, The German group 
rödesigned the initial trajectory computer so that the parallax distance 
setting in’ the computer was gradually reduced to zero over a period of 
12 seconds, starting approximately eight seconds after firing of the 
Wasserfall missile,. This, of Course, introdüces a parallax error. This 
errör, however, is a diminishing error, and rapidiy reduces to a second 
order term in the flight computation. This’ gives jan overall improvement 
since the entire parallax computer is gradualily cut completely out of 
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Br . 25X1A 
| ah e N 
om tie computätion.” [Bee pages 901647 ‘ The parallax eomputl x contributed, 


errors of plüs Or minus two meters för the bass line distehce u, and / 

3/i degree in vertical angle msasürenent,. Elimination 07,%he parallax 
ed the mooth- 

' ‚operator :loöked. 


cötputer nöt only. reduced errör in measurement, bat incrg 
mess of operation of the sight through which the Jeysthg 


design of Servo Systems to Elininate Tachomsters / | 


13, Dis advantage äcorüsd from the changac 
servo system design... At tils"Irec vs IB. prattioäio 490% 

25X1 nating cürfent "inotch" filters, . nn 
Be; because the möodulation Lraeiäficy De nd düring. contra) arge 
Br t6 the carrIer frösloy stabillty erfor, At. the modulation 
% a a von “ eu ii ” 


in'zistively smäller and comparg! s to the errors obtained in sven 
ey well frequencyustabilized wöurce. Conssqüently, the Germans. 
designed and built these notch filters to give phase advance to the 


rt 7 


15. This fedssign took plaoe Tfom ITäte’19L9 to late 291. . 
Aue results of thla redesigh were successfül. Since very little test 
'äquipient was available t6 oonfirn the exact performance. dharacteristios. 
öf the redesignsd särro aystens, it must be considered that the require- _ 
ments were not töo stringent. e en 


16. As a result of 


i the success ih designing phase advance networks at 50 

"*. oreles, new änplifiers were denigned using "notch" filters for use in 
25X4 _the Cartesian cöördinate pärallat camputer. 

»°25X4: [|____|Tne design was actually. jerried out by Ing. B = 


Stable Voltage Source 


17. During tie design and experimentation carried out on 'the Wasserfall com- 
25X1 puter, [|] dscided that it was necessary to have a very stable 
 25X1 . voltäge supply at 500 cycles to bench-test the breadboard computers. 
It was necessary that the voltage stability be within 10 per cent, and 


‚the frequency within Zive per eent. A request was made of the Sovists _ 
to 'pröcure süch a power supply, but they were unable to fulfill the 
request.  Cönsequentiy, the dermans used an old BOAS Company converter 
that had been brought with them from Germany. Mr 


| Tau Angl e Computer 


ı6. During the development öf the Wasserfall comp yuter, the Soviets made a 
... Büggestion regarding the desigä of the Tau-angle computer, The German _ 
 dssign of the Taü-anigle compüter involvad the Cälcülatiön of Tau by | 
‚piöking off the appropriate angle (sigma dot) and multiplying it by the 
‘sine of the vertical angle through the use of a sine resolver.: The... 
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Soviets suggested a method whereby the Tau calchlätion could be accon- 
'plished by pfecession of a gyroscöpe. /A technical discussion of the 
two methöds of Tau-angle determination Is föutid’on pages 2 and 25,7. 
The Wasserfall missile was stabilized in the roll axis. "It can'be 
Seen that äfter the vertical firing, if the missile Is required, for 
eXauiple, to türn to the west, a turn control'to the missile will result 
in’ths missile, in effect, being on Its side. If further turn control 
signals are applied tö the turn control axis of the missile, the missile 
will not türn, but go either up or dom, Tö’preveit this, the "Tau-angle 
Sömpüter resolves the chafige in axis that results from the missile being 
stabilized In roll and’the optical missils control sight turning on the 
ground according to the follwing equation: > 


en Ten 


where T is the angle of translation,” is "the angle through 
which the optioal control sight has turned, 


19, WW 18 the vertical ängle to the missile from the control sight, Com 
sequently the slevation and turi control sighals that originate from 
the joystick (Küüsppel) Operator are resolved into sine änd cosine com 
pößents at the anzle Tau. The siie components of’the jöystick Signals 
ars then sent to the misslla elavatich sohtröl ayäten ia the radio 
transnitter, and cosinse oomponents are sent to the turn control system 
of the missile. © ' 


‚Automatic Selection of Offset Paramsters in the Computer 
20. In ördar'to render'ths Wasserfall sjaten more effective, a design was “ 
hadsIin’1950’ 5? a component tö provide autömatic insertion of the offset 
paransters (sigma ü and an). Thus, in the selsstion of a Firing site by 
the Wasserfall Sommander, the appropriate öffset valuss Fequired in. .. 
ths 'parallax compüters were inserted by ä preset selector, STeehnicel 
details and diagram are found in pages 26-28 .7. Bine 


'Height Perallax Computer 

21. In the redssign of the Wasserfall cömpüter systen, provision was made 
tor Sompensation for a difference In’ height between the control point 
and the Tiring pöldts." When a’ particular firing’ site was selected, an 
&ppröpriate initial angle was furnished tö the optical sight, so that 
it accsmmodatsd the. differences in position of the. missile when fired 
from an slevation Alfferent from the oontröl point. Prorisions were 


made In'the Gotiputer to handle height differences of 30 meters. . ' 


/fschnisal details on this part of the computer can be found on pages:9-31,7 


Simlator for Dynant.o Testing of the Wasserfall Computer 
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without the use of an äll-weather aiming device such’ äs a precision radar 


Bet. As desöribed by .source, .. tiere were provisiois for a'radar, but 


Götsldering the restrietion of the German activity to fairly orthodox engine- ÜR 
eriäg.refinement to the original Wasserfall controi system, and the lack of 


| evidence of äll weather operation, and the lack of target seskers or proximity 


actuated fuses, it must be concluded that the six years of activity by the 


: German group at NII 19 did not Ssignificantly advance the Soviet capability 


25X1A 
25X1 


25X1 


25X1 
25X1 


25X1 


in ground-to-air missiles as tactical weapons. There are other by-products 
which must be nöted, however, TCorsiderable experience wäs geined by the 
Soviste in tie"dsyelöpment of a prötotype ground-to-air'missile control 
syäten, "Additionally, as'.. 

‚th6 actual pröces ISar velopment was er close 
observatiocn at all times. Many things must have been learned by the Soviets 
by this observatiön; just on the general art of research and development, as 
eärried out by the Germäns, here seemed tobe a 
greät gap between thsoreticäl sis and the actual production of "black 
boXxest. based ün tleory, 

feirly ıe quality of the tisoretical 

capa es 62 the Soviets at NII 149. [_]qualified 
this by saying that they Were "only theoretical and not 'practicale& allı, 2 
L_Fopinson may. have’ to te dIssounted Elightly, a5 typical of the general 
‚opinion of many "practicalt men for theoreticiens. 


In oempärlig the "guality and ’extent-s2"develöpmieiit Aons”on Wasseifell at" 


"NIT'LI With a problem of sgual Aitficulty which might be presented to'the 


"25X1X 


U.3, fossäfch and develöfment Söhaleäs, It must ba stated that, even though 

the Oermans” at NIL LI worked under severe haldicaps, the efficiency ad 
initistive shoim is very low, 1% is conceIvable that’a problem af this " ° 
nature could be sölved in ä aatisfäctöry manner, If’not radlcally improved, 
‚dn’less than’two years by a comparable Listitutlon in the United States. 

This somparisct'might'bs üunfäir since the German effort, plüs the Soviet j 
effört which Was sohiected with it, "ld not have the benefit of the trenen- we 
Asus Tacılitiss available Lor Froblens of this Kind, However, since these 
differsnsss"actually exist, they must be taken into consideration in 
‚weighing tie valus of the activity at NII 19. It should be stated parenthe- - 
tically that it'’is not’ a question of weighing individuals, man for man, idea 
for idea, tut‘of comparing the total capability which includes the available 
resources, tke bäckground:of research and data, component quality, and even 
‚confidence in the scientific effort. 
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During the course of che test run. 1 -mnnter would be readjusted if 
the needie of the indicator went mayogt ins marks nlaced on the indica- 
tör. The marks wers plassıi at poinus wpresenting plus and minus 1.0 

degres, FE funetional dısgram oi tnis euminment, is found on page 29.7 


Controller Training E uipment 


! 

i 23. An Oöperationäl trainer was desimned and built by the Germans at NIT 19. 

= . This was fürnished to the Sorievs Alorz with instructions for the opera- 
ie wi tion’öf the’ trainer and the trainins of future operators. (Pages 30-32 
contain technical informatisn and diasrams of the training equipment ./ 


 Galibration of Amplifier gaıns 


2. A device was designed to insert ir: 
fall computer. These immuıts ws 
angles whose value chanzed as a sine Function of time. The purpose of 
thistest sguipment was to permät adhıstment of the anplifiers as- 

: Söclated with tie dstsrmination 5? Zr eG Rs he 

ande) m: Reference is mads ©. nase A there a sinpfiriee 
schematic diagranm is suown ol ths nenen test lay-out when using the 
salibration equipment.) 


“3 59 the amnlifiers of the Wasser 
antiy-changing angles, and 


m. LEE. DEE. 


25. A onstant speed motor was used to Yurnish the drive for the test equip- 
0% Ment, This motor also furnishen & time base for the oscillographic re- 
Du: ...” 6öfder wilch could be used 10 measure the error voltages when the test 
nn Bebüptas In öpsration. The motor was connected, either directly to 
EEik SUB: a Bet öf Coarae and Fine selsyns or through a mechanlcal sine wave 

Er generator, Connected mechanicaliy to the motor was a tachometer which 
won... fuenished a voltage proportiohal to the speed of the angular change of 
Ä the transmitter selsyn roturs. Also comneeted to the motor was ® . 

‚potentiömeter which produssd & voitere nrovortional to the angular 


position of the transmitter selsyus, in *hir manner both mechanical 
z angles and voltages were transmittad by the drive system for the test 
a ze” equipment, "The various amplifiers were then connseted’in the circuit 


and thö error measured by the Intinstor shomm in the upper tight hand 


pörtion of diaprem raue 407, and by an oscillograph which 
' ‚peöörded tie pulses and speed oi angular shenge, By inspection, 
then, the 'amplification and nhasa aaweree of the different 'amplifiers 
 .aöuld be adjusted for rim. onmersan, this nrovided the Germans 
Re ‘ „With ä’prelimirary systen for calıbration of the amplifiers before in- 
. er sörting them into the dynamic tests of the antire: computer system in 
operation, i 


25X1A there ssemsd to be an undereurrent of interest in the 
‚Wasserfall that exceeded that for any oiier activity by the Germans at 
9% - there was an obvrious attempt 
at dissimulation on part of the Sovists regarding their true interests, 
. 25%1 en] several instances where undisguised interest was 
displaye the form of questions from individuals in the parallel Soviet 
computex development laboratory, and ty questions from visiting Soviets 
from Moscow, and by covert tinkering with test setups during the night when 
tlie Germans were in their billets. . The Fact, that actual firings were made 
25X1 using the list ‚modeup finished in 19h) tends +0 support the 
opinion of serious Soviet interest in this missile, Regarding the capabil- 
äties of this missile as a tactical weapon, it can not be seriously considered 
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Technicsl Discussion of the Wasserfall Control System 


"ann. 


The Wasserfall aysten was designed to furnish a ground contralled ground- 
bear missile fired from'six points arcund a control point. The folle— 


ing are locatad’at the control point: a'radar for location of the target, 


an optical system f ör determination of'vertical and aximithal angles öf 


the ‚target and the range, and the control board for the entire system. 
The system was designed for ranges of 20 kilometers, 


Tas” Wasserfall commander "has at his disposal an Indicator panel which 
fscsives angular and Fänge Information frön a radar Bet that is placed 

on the target. Wien the commander considers that th6 target is within 

fange, he telephönss the optical sight operatör tö tell hin thathe 
should follow ths target at the angles indicated to Kin from the’ radar 0 
syaven. When .tlie optical sight operator has fixed on the target, the. 
somander deöiden which firing site should be used by reading the 

position o2 the tärget’from the remote indicator panel of the optical 


.. sieht, /Boe Diagran 1, page?.; 
de 


16 hiä Somänd then, tie cofreot päramsters are applied to.the parallax 


Söhpmiter autömatleally. The cerreot Initial ängles'are applied to the 


'nissile night. Tas missile eight turns to the proper initial anglee 


through a servo systen that follows the input’ angles furnished by the 


‚ochputer. "When the misnile controller (at the missile sight) deteraines 


that the sight iä in its Sörrsot initial position, he. oloses his firing 


‚switch, This sends a signal to the sontröl board, and to the selected 


iring pöint which Zires the nissile. When the missile leaves the plat- 


". foim; a contact is olosed to start the time synchroniser in the computer. 


The computer then operates to. control the ängular position of the missile 
sight according to. ‘the preacribed dynamic squaätion. "ie missile control 


operator Steers the missile ty measuring visually the error in position 


oe he nissile from'the center of ‘the. cross hälrs in the sight. He 


‚ eporaten the Joystick (Knueppel) to send a comtrol Bignal through the. 


be fell 


em 
« 


HNat-cömpiter.t6 thö radıö transmitter used for sontrol of the missile, 
“ie Tau-öönpüter Börres aaa ooöfdinate resölver tö translate the vertical 


swing eqlatich: 


) 


 Mhieinitial trajectory computer operation is based en a BS00nd order dif- 


ferentinl “qüaticn that positions the missile "sight, so as to close the 


'Anitial'örror (taking Into account also the perallax) öf the missile in 


2 eritlcally dämped manner. When the missile is within 0.5 degrees of 


r . 


target, a contäct closes in the compu ter to cut the computer out of‘ 


Petri mine system öf’ the missile sieht. The Tau-computer, however, 


u 


ont es to be operated from the angles fürnished by the opticel target 


sit. 


A proximity fuse was required to detonate the missile when it 


#eachsd the vicinity of the target. In the absence:of & proximity fuse, 


. honevs pm 


gwaver; a ämitch was fürnished to the optical target sight operator to 


i abtanate the niesils &% the äppropriate tie; This is possible since the 
" öptical target sight operator has knowledge of the ranges of the target 
and the ‚missile, Zu Z 
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‘8, When tie computer is released from the operation, it runs automatically 
back to its initial pesition thus readying itself for Further firing com- 
putation, . [A fünetionel diagram of the Wasserfall computer system is 
shom in Diagram 2, page N i 


Theo of peration. In 


6. ‚The Wasserfall system comprises offsst fired missiles, an initial tra- 
.. . jectofy computer, ar öptical targst sieht, and an optical missile sight. 
.. the Wasserfall missile is fired “vertically, änd for six seconds is not 
‚controlled fron the groünd, "Six seconds after firing, the öptical sight. 
is pösitioned so as to ‘satisfy a second order differentiäl equation which 
redudes the initial error to a value of 0.5 degröes, The joystick operator 
-. corrects the path of the. missilesoas to tenter the missile in the missile 
sieht. Since the missile is Tired from an’ offset position, the computer, 
in calculating the position of the missile, must take into account the 
arallax invölved. From that peint on, the Joystick operator corrects 
tHe path ‘of’the missile soas to Fly in pursuit of "the target. The basic . 
- &quation which controlled the initial trajectery of the Wasserfall missile 


is as follows: Werten . 


oe... | 
0 4a = vertieal angle of the miasile, | 
Et) = a straight line function of time, The purpose of 
0 ke Is +6 introduce gradually the control input 
‚+0 the missile, Bu Ä 


"sl ) = äianbitrery fünetiön of the güäntity included 
betwsen the brackets, Thin funötion was derived 


ät Peenemuende during the”trar, and röpresented a 
more optihel Fundtiön öf erfor with time than 
. öbtainsble with a”linsar second örder Aifferentieal 
. säuatlön, :In efföct, it 'Dermitteä a mre zpidd 
reductiön of the erfor witisut the high acceleration 
peak Hörmaliy obtained immediately after the moment 


rn Y. q = vertical angle of the target. 


O5XAA mer ments It ähould be noted that with the exoeption of the 
WM SIınser voefficients involved, that the equätion is a fairly stralght- 

ZZ . forward second örder differential equätion with "a constant-rate steady state 
solution, The erfor föduces t0 within 0.5 degrees, when 7 is zero; in 15 

seconds, With a rising z normally found ih a firing problen, the solu- u 
tion time is reduced 'accı gly. In Diagram 3, page 11, is shown The geömetry of the 
compütation with the parallax eomputed in Gartesian coordinates. - Diagram li , page 12, 
shows the 'geometry of the Computation with the parallax computed'in polar 
eoordinsten./ Bas: 2 


The Initial Trajectory Computer 
7._ Ati decompanying sketch /Diagrem 1, zuge 127 shows a fairiy detailed funetäonal 
layout of the initial trajectory computer together with the Tau-angle 
:compüter, and the elements of the times synehronizer necessary to show the 
intercomection betmeen the eomponents of the computer. The input, to the 
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Vartisäl "Angle” Computer comes’ from‘ the optical tärget sight in the form 


6f"coarsa and fine vortical angles, (7): These’are applied to . 
auplifier A to rün motor B which is m chanically cohnneeted to tachometer. 
DD," The tachometö? D fürnishes the ats or change of the vertical target 
ängle (J,). tuis is’added’t6 the other elements of the control equation 
throügh’t 6 potantiomster H, tie Tiniter I, and, the mechanical. adder D, 
Ha accaleraticn of the vertioal angle is’ öbtained through a tachomster.L 
and rate nötwörk Kto öbtain (, -£) „ The controls ars applied gradually 
through” the "potsntlönster AL which is run by the constant spead motor Ale 
The compütsd vertical angle (97) is applied to the sine-cosine resolver 
P’tö’färnish hz &id 6k,. When (Ze fi) ecreases to a value below 0. 

2& "Ma araferarce voltage causing it to 
return to 90’degrees, thus „preparing the computer for the start of another 


firing problem, This 18 ‘done through the contact G which is set to operate 


at 0.5. degrees. The opening of contact G operates the relay AK in the 


tine synchrönizer to switch‘in the reference voltage forZy = 90 degrees, 
T his reference voltage comes from the Follow up selsyn I. 


Wien the coiipüter goss Into“öperation, the motor AJ runs to furnish a time. 


base for'the time syrichronizer, and to öperate the distance cam AB, and 
the oftset Aldtence 'reducer cam aD. The oütpüt angle of "Yhe distanes cam 
turns 5a selsyn AA to give & voltage proportional to the angle turned by " 
the cam’AB, This is applied to the sins-eösind resölver P In the vertical 
angle computer to furnish the comuted height of the missile (hp). 


The as 


puten äs coärse und fins Signals. Those ars applied‘ töth8 57, amplifier X. 


N "ii [ifier'K türtis motör? Wilch is mechätilcally ‘Sonnacted to Selayn S’ 


in: praportienal to tha Initiälängle to which the optlöal target night is 
turned, Dering the Tirst"seoohds of "flight when "the missile is acoelerating 


the corre re 6% initial positiön, "The contaot AM’ Is eperated by the time 
Syüchroflzer, "Ms operation of "the 'synchronizer ie described in para- 
graph 17 thraugh ZI. Ts detailed opgpntion ot the 'time synehronizer 


18 ehem in älagrams 7 and B aD PAEPE (> #0 


Motor T is also conneoted mechanically to the sine-cosins resolver R, 
whose input Is ek. The outputs of the resclver R furnish ekr sine 07° 
änd ekı eosinel’z which are added to components of the offset distance, 
and applied +6 the impedance matohers AN and AO. The outputs of the im- 


'pedance matchers AN and’ A0’are fed to resolver AZ. The rotor of AZ is 
sompöned of two cöils 90 degress t0 each other, The output af one ooil 


is fed to amplifier BA. This operates motor EB to turn the rotor of the 
resclver AZ, so that it is 90 degrees %0.the resultant field'furäished 
by 'the two SoIls in’the stätor. This angle is the computed horigental 
arigle of the missile (SR). The second coil in the 'rotor being 90 degroes 


to the other receives the maximum voltage of the resultant field. This 


‚voltage is the veotor sum of the voltages applied to the rotor, and is: 


the horizontal. component. of the distance of the missile from the firing 


point (e!kg), This voltage is applied to one side of the stator of the - 


sinö-cösins reaölver AT, On’the other side of the resolver AT, there 
appears the height of'the missile from the firing point plus the differ- 


‚«ntial between the height of the Tiring point and tie aiming point. The 


Yoltaze Cron the rotor soil Is "änplified and öperates motör AR, causing 
tie rotor%o’gö to mul, "The angle öf null represents the angle of eleva- 
tion.of the aissile from.the firing point m. This angle is transmitted 
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dy a Coarse-fine sölsyn system through the relay AH to the control: system 
of ‚the optical missile sight, Zu Due 


Similarly, the hörlgontal angle (E )'is taken from the mötor BB and sent 
viä & coafäe-Zins selsyh systei (BO and BD) throügh the relay AH to the 


esüputer InöIluded susematis Belactiön’of these päramsters. Operation of 


#66 automatic’ paranetric BeLastor Is ahom on dingram, page: 3 The offaet 


distance is applied thröugh” resölver if.  Tie offset ängle is applied 
through AG, and the height differential is applied through Ar. — 


Polar Computer for Vet —O— re, 5 
Ihe” cöipitar of Wasserfall was öriginkliy 'desighed'to Harry out the neces- 
Mafy pärallax Salchlätions üalig HOlEr coordinates, In NII 19, a change- 

över wis made to Cartösian coördingtes. For Fiirposes of oomperison, the 


polar oomputer 15 described below, /See Diagram 5, page 13.7 


The vertical angle öomputer is essentially the sans as that used in the. 
' computer using Cartesian coordinates. The difference lies in the manner 

of ealculation of the resultant vertical and horisontal angles used to 

control tie ilasile operator's sight, The horisontel angle from the 


optical target sight (7) is in this case oanverted to a voltage whose 
phase is a funstion of the angle, This is done in Selsyi A /ahemn on page 


the bottom left_öf Diägram 67, A thres-phase' input voltage to the statör 
of this selsyn orestes a rotating field, - Ihen rotatsd through the angle 
required, as in the Cartasian oompüter, the’ outpüt from the. rotor changes 
phase propörtional to the through which the rotor is turned. This 
phase röpresents the angle/d 7.. This voltage is applied to the potentio- 
neter in the Internsäiäte Sontrol system. The pötenticmeter B is tumed. 
a ee res eanal to the horisontel oampenent of the missile 

in) by motör 0, The amplifier’for motor 0 recelven its inpit 

ron ‚tial trajsctöry sönputer where it'is eömputed from the missile 
dlstance, and thö vertical angleo”,. The outpüt of the pötentiometer then 


in the’, intermediate amplifier. The result of this veotor addition — 
(nich is the output of the preamplifier of D) is the scalar valus e'kn, 
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This voltage is applied along with a voltage proportional to the missile 
height in resolver E to furnish the output vertical angle F- The ampli- 
fier D is used to furnish an angle proportiönal to the s oP the input 
angles. This ’angle is applied through a coarse-fine selsyn system to the 
missile sight, 


16. The other elements of the compüter system are essentially the same as 
that using Cärtesian coordinates. 


Description of | uence Selector (Time chronizer) for the Wasserfall Computer 


17. In order to öbtain a clear pictures of the operation of the time syneroni-' 
zation that trigiers off the various functions’ of the Wasserfall computer, 
a detailed diagram is shom con page 15. The condition of the relays  . 
associated with the seven cams with respect to time is also shown on page 16, 


18. The initial aigular position of the cams is as shom on page 15. Upon 
receilpt of the signal showing that the missile is airborne, the. magnetic 
coupling of the constant speed motor is elutched in by energizing it through 
the upper contacts of cam No, 1. The cama, being cönnscted mechanically 
to the motor, begin to turn. Cam No. 2 öperates 0.L seconds after the 
start to allow voltage to be applied to the magnetic coupling through the 
upper contacts, One half (0.8) second after the starting time, cam No. 1 
releases. This does not affect the operation at this point, . Six seconds 

‚after the starting tie, Cat No, 3 operates to switch on the signal light 
“showing the firing eommander that the Initial eöntröl has begun. At the 
same time, sam Nö, IL, and cam No, 6_öperats to corinect the 7% amplifier with 
‘ its input, and to connect the Tau angle amplifier with its input, 

19. The cams turn then for 29 seconds, During this time, the shaft of the 
motor is connected through the magnetic eoupling to the cams controlling 
the gradual reduction of the base offset distance in the computer, and to 
operate the u(t) potentlometer that’ ia integral with the initial trajectory 
computer, At the end of 29 seconds, cam No. 2 operates to. break the circuit. 
to the magnetic coupling of? the motor. The initial trajectory computer 
continusg to, operate the optical tracking sight. hen 8: is within 0,5 
degrees öf; 25 & voltage 18 applied through the lomer contacts of cam No, 2 
(nliich- is now closed). to enöfgize the magnetic coupling again. Three- 
tenthis seconds läter, cams No. 3 and | öperate, the signal light zoes out, 
and a voltage representing the initial positinn of G: E (90 degrees) is 
applied to the 5 amplifier. Two tenths seconds later, the Pr; 
contacts in the initial trajactory computar open up again, and the voltage 
13 removed from the magnetic coupling. Cam No, 5 operates to replace the 
eomputed /AR with z- This releases the entire computer with the excep- 
tion of tie Tau-ankls computer, 


20. When the optical tracking operator determines that the end of the firing 
has been rsached (either with a hit or miss), he operates his firing end 
switch.‘ Tiis closes a circuit which aprlied a voltage through the closed 
upper Contacts of cam No, 1 to cause the motor to be recoupled to the cams. 
Cam No. 6 operates to furnish the Tau angle amplifier with another initial 
angle that has been selected by'the firing commander. The cams corıtinue 
to run until cam No, l .operates, breaking the circuit to the magnetic coupl- 
ing. Thus the cams have turned through 360 degrees and the sequence selector. 
is again ready to rsceive an impulse from the "missile airborne" contact in ' 
the firing platform, 


21. It should be noted that the motor is DC, shunt-wound, and that the regu- 
.lator is a standard inertial governor, 
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The Tau-Angle Computer 


The Electrical Tau-Angle Computer ng: 

1. The description of the operation of the electrical Tau-angle computer 
has been pravicisly mentioned. AREA ..» Tue detailed operation 
of this eenmpüter is as indicated below and refers to an accompanying 
sketch /Diagran 1, page 227: | " 


2. Prior to the operation of the computer, the sine-cosine potentiometers 
are positioned hy the angülar position transmitted from the Wasserfall 
Somputer.” The C=-relay /in the Lower portion of the diegren u. mega Mi; 
is closed +6 fürnish an error völtegs ropresenting the 
difference in tle angular positiöns of the transmitted angle (sigme), 
and the position of the sins-cosine potentiömeters. This voltage is. 
applied to the servö amplifier which actuates the motor to furnish the 
power to turn the potenticmeters. Su 


3. When the initial sigma angle häs bean reached, the C-relay operates,re- 
moving the input ?rom the sigma output of the Wasserfall computer. A 
voltage proportiönal t0J”"sin 7” (oomputed in the Wasserfall computer) . 
is applied t0 the amplifier agalnst the feedback voltage of a tachometer 
ee servo motor. The motor speed beccmes =, 
fenetion ofd" sing’, eo that the underlying equation t den 
‘is fulfilled. | re z 


| ae j [5 
le The outputs öf the sine potentiometers are oombined and applied to tiw | 
elevation section of tie transmission, and the cosine potentiometer out» 

puts are combined and applied to the turn control portion of the transnission. 


ee: 


5.. The accurasy of this Tau-angle computer was approximately 1,0 degree, 


The_Qyroscopie Teu-angle Computer 


6, In the’ course öf the develofmentof the Wasserfall computer system at 
MI L9, a new method Was. süggested by the Soviets to fürnish the necessary 
: Tau-angle cömputatioh,. The method, althöugh sore elegant technically, j 
required much more space (fire times), and required’ three times mors 
electronic sguipment such as rectifiers, amplifiers, eto.. Since ib was 
a Soriet idea; tie Osrmäns, Although having voiced their objsetions, built 
the gröscöpie Tau-ängle cömpüter. This conpüter evidently worked to the 
_ same accuracy a8 the electrical Tau-angle computer designed by the Oermang. 


nn emmanta: Although the disadvantages stated above are mufficient 
"slectrical method as superior to the zyspmgepkas: method of 
oomputing the Tau-angle, it demonstratss the fact that sone understanding and 
-initiative’in the Soviet elements of NIT 19 existed regarding use of Byroscopes 
Yor compuvation purposes. With some redesign and sinpiifigstion, the gro- 
scopic method might well be the basis of as good a piece: of ommputing. equip- 
ment as the electrical computer. It is not intended to ispily that the idea 
itself For the gyroscopie computer is brillient. Actually, any design enginser 


experienced in the use. of gyroscopes for stabilization purposes should be 


7. It was necessary, as in the electrical computer, to fürnish an angle Tau 
velatsd to gamma and sigma according to the follcwing oquatlon: 


. . r 
- “ -,T = sin Vi = re el an un ren 
$ ö ar . 
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The anglo sigma (represeriting the’ direction of the missile) is furnished 
t6 ths compüter by turning’ the turntäble upon which is moünted a two- 
gimbal gyroscöpe, The Kyröscäpe houssd in the inner gimbal is precessed 
so that it’assumös the angle känma (representing tie‘ vertical ängle to 

the nissile). As the housing is türned in respönse t0 the change in 
sigma, and as the inner gimbal is’turned to follew ths gamma input, the 
‚slip rings on the inner ginbal’äre Connseted to Bine cosine potentiometers 
which furnlah the necessary resolütion of the input command turn and 
elevation signals according t0 the above mentioned equation. 


8. The gyröschpie Tau-angle döhputer operates in the senuence outlined below, 
(Refer to accompanying sketch [Diagram 2, page 237.) 


9. \Tlie housing A is oriented to the angular position of "the missiles by the 
motor connected to receiver sölsyns D. AII'the missiles are oriented in 
the sans angular position, "The blöcked selsyns x act as transmitters, 
and upon initiating the operation öf the Tau-angle computer, a relay is 
operated tö cause the motor %6 turn A according to the angular position 
of tie transnitters C. Durläg this time, the gimbals’are locked in the 
90 degree. position. "When the error between C’and D is reduced to zero, 


the gimbals are unlocked by sölenoids MandN. 


10. The initiel’engle of”, is’ üpplied tö the computer by the action of the 
' yelay' U wilch conhöcts Ale reseiver seläyn D with theg”z tranmitter 
seleyns in'the Wasserfall Cempüter. "The turntable then ässımes the initial 
angle sy. Since the Inier Kinbäl riig T’is ünblöcked aid the rotör is 
going at. full speed, the gyroßcope K remains in its initial position. 


11. The öütergimbal is then rotäted to 90 Aegrean to arsct it, and then to 
the‘ ge “"pythe operatich of the selsyn systen E’and’F, The 
operation 6f tils servo ayateh’iß such that 1t can: precess &t. 30 degrees 
< per second. "The outer ring H then föllöws the Input” gäima from the - 
’ Wasserfall oompüter. "The gyrößcope of Scurse renaltis In the vertical 
positich, büt the housläg Hri1das at the angle. gamma to the turntable A. 
The Somputer is now ready for operation, ee 


‚12. By öperätion of relays U and’ Y, oöntinucus Taluss of sigma and gamma are 
«ransmitted to the servö systems oontrolling the’poaition of A and H. 

By"tie gesmetry öf the’ gimbals änd the 'gyroscöpe, it canbe Böen that as 
tie "türntable A Is tarısd thröüghsigke, the öutpüt angle appearing at. 
G is sigma. Bine Zanma. "Confiscted 6 the spindle G are the four sine- 
' eösine potentlomsters thät Törm the resclve system for the translation 
of the input signals from the joystick operator, The resolved signals 
are then applied to the transmitter from the output of the resolvers. 


13. The gyroscope is kept erect throughcut the entire operation by contacts 
. 8 which operate a motor T. /A detailed view of the contacts is shom in 

the upper. right hand corner of the diegram. In the upper left hand. 
corner of the diagram are shom the electrönic components required for 
the operation of the computer,/ Components O and P äre the amplifiers 
for servo systems C-D) and E-F respectively. Ris the rectifier which 
furnished DC for the anodss of the amplifiers. Q is ‘the box containing 
circuit-breakers, junction boxes, ett. 

Il. Wis the heating element in the computer that was used in order bo keep 
the gyroscope and gimbal bearings operative even at temperatures down to 
mimıs 60 degrees. This älement was not automatic in operation, but was. 
switched on at the discretion öf the operating personnel, (When the 
temperature reached minus 20 degrees, the heating element was switched on.) 
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“ In’the sketch on page 26 is shem a functional läyout of these. 
&lenents of ho Wisserfall computer system that comprised the automatic 
selection equipient för the offset angle, distance, and height of each 
of the’ six Firing sites, The upper portion of this sketch shows the 
Wasserfall commander's control box. In this box are located the six 
büttons that corr&spönd with the six firing sites, It ineludes a cancel- 
lation bütton (Hüeckstelltaste) which is operated prior to the selscetion 
of. another firing site. 


The lower portion of the sketch shows the electromechanical elements of 
the sleotrio systen which are 1öcated in the compüter itself. Both the 
ochtrol box (available to the Wasserfall commander) and the computer . 
söhtain Indicatör Lights Which operate autcmatically when a particular 
set of’ parämaters häve been sölected. Upon operation of a particular 
button, the following sequence takes place: 


a. Contröl’Röd (A) is moved to the left by the cone on the Puch 
button rod, 


b, Kööper' Röd'(B) is neläessd ty the solensia we and holds the" j 
= push, ‚botton down. The solenoid is released by breaking contact (D). 
0. Dontact’ (0) is ade by the action of the püsh bütton’ röd. This, 
. allows "cürfent to flow in the aölenoid (U). This’lifte the'rod 
- forhing the’sors of the solänsid,” This röd Gloses the cofitäcts 
Which Tuinish” arten to the magnetic Söupling’For the thres' 
päraneter sais aörrekponding to the site seläcted, The rod also 
Erdes the three cam follöwers which now press against the cam 
for ‚this firing position. 


4, The motor tums the three cams through the magnetic oouplings. 
.: &8806läted With each :cam. When the cam rotates so that the vam 
follower presses into the detent, the circuit is broken to the 
 solenoid Göntfolling the magnetic öoupling, and a contact is made 
which is in series with other eontacts leading to the Indicator 
2nie in the samputer and in the Wasserfall sommanders control 
0X, ä 


eo. The three EI RIBChE are then selected as described above by the 
action öf the detents and the cam followers which discönnect the 1 
coupling t6 the motor when the proper position has been reached,  °:'.. 
Although the other cams representing the other five positions 
are’ mechanically coineeted with the coupling t6 the motor, there 
is'no action which results because their cam follewers are held 
away fröii their j6äpective cams by the solenold rods which remain 
‚ in neutral position. x 


f. The mechanical angles selected are transmitted to: 


| a) Thö varlabls tränsformer (L) #hich gives’ä Voltage pro- 
portional to. the offset distance Wa selected, 


(2) The sihe-cosine resölver (1) which is fed a voltage pro-. 
" portiönsl to the offset distance (u) and is turned 


through the angle sigma u, gives two voltages proportional 
to u sin sigma u and.u cosine sigma u. 
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(3) The "yarlable transformer {N) which gives a voltage pro- 
 "pörtiohäl to the height (un) of the missile firing site . 
selected; e 


3. Adjustment of the 18 paranetors are done in the following manner: 


8. 


b 


ds 


Set sorews are loosened on the selector cams. 


The hats 15 türned through an aigle cörfesponding to a particular 
offset distance (u). This 15_done by the hand wheel /shom on 
the right side of the diagran/. 


r 


The cam is turnod so that the follower is in the detent position. 


The set screw of the particulär cam is tightened. The adjustment 
then of the cam oorresponds with the offset dibtence (u) desired. 

. Any time This partioular cam and follower is püt Into operation, 
this valüe of offast diätance (ü) WIIL ie selected. The same 
proösdure is darrled out with’ all the Gans. "Mien complete, the 
Seleötör system 1a set up tö select the three offset paramsters 
associated for any of the six firing sites. 
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‚The, Wasserfall Trainer 


In’ vier u the’ assrienliy‘ ot Venrelling As Wasserfall missäle, N the 
Germans at’ NIL_ 19 ässipnsd and built a,trainer Ben cöntrollers 
siperience, . onmen The’ty sontrö I 
in the Wasserfall system is chärsöteriäed' by. ptlses of! Gröss-coufse 
accelerätion which are furnished by the optical target sight 'sperator., 
With the, ‚assunptioh that the’ Internal control time lags are negligible, 
4% can- 173 essily seen that the pröblen iss "second order one of trying 
0 produce" a Flight trajsctory along 'ä "straight ine, “he error infor- 
matim cönsists Only’ sr’ths” displacement, "Theerfor "sorrecting mechan- 
is Sonsists ‚of applying 'discrete amdüunts of Cross-Soufse "äöceleration, 
There being ho feedback to the"cohtröller other thanths displacenent 
errör that’ is obtained visually,' 'stability is only obtained through - 
merital compütätion of Cröss-eöürse rate” of" chärigs and the rätio between 
the displäcenent of the Joystick and this’ actual "amdünt. of 'acceleration 
prodüced in the 'missile by the consegqüent control Fin movement, . This 
mental computaticn is difficult, and can be. eahpared with the problem 
that a pilöt has when faced with the use of. a cToss-peinter indicator 


‘ I-1010, in making an iüstrüment approach oh the USAF Instrument Low 


 - Appfoäch System, In visw of the extensive effort in the USAF to pro- 
. „vide: sqülpment t6 help thö pilöt make the mental’ compütation necessary | 


(för exänple ‚ "aubönatic approach coupling, sero-reader, and other 
instfüments) 1t’can be 'considered that NII 19 as deficient in pro- 


-  dueing such ‚somputer equipment to help the Joystick operator, 


EN Zu 


It 46° sonclüded that the Joystick” 'öperator was faced with a ‚somparatively 
airricuit sontröl pröblen, with only the’ simlateor type of az 
available. ‚through the Wasserfall ‚trainer, 


The‘ PEaimer.. cansists of several components. (S00 eecempanying Ps 
„page 3. J | | 


a The Target: Siiulätor," This’ ws a ‘device: that‘ türfied and Feised 
in elavatIcn ü IIght’ shot on a Bortich of A’apkere, "according 
wi fredsternlnsd "toraila," Thle Tötmıla Tepresehted'ä typloal 
Ziight trajectöry of’ alrcrefttärgete, "Süperimpösed' on this” 
möving spot was a cross-kailr ahadcn. This shädon was orlänted 
so that” Ete crößs halrs were verticäl"and horizöntel, The center 
öf the crobi hälrs repreaented. the‘ Position” of "tie target, wich 
ih aötüal’riring 18 Fürhlähed’by The’ optical target sight Beine IN 
‚In line’with'the’ 11ght gun; : is atelescops through which the joy= 
stick operator. sights, 


db, Tha’klissile Similater, "The missile sinulator wäs a device that 
 süried’and raised'in elevatiön a second light spot on the 
‚spherical Büffaos,. The horsment of this’ light spot was reguläted 
“., byiaeömpüter which fürnlshed values to theturn and elevation. 
. oohtrel so aß t0 represent a "vertical firing of the Wasserfall 
..  mißsile. The movement of the spot was modified by movements of 
... the Joystick ‚öperated by the controller under training, so as to 
simulate the changes in flight path that would obtain if an actual 
'nissile were being oontrolled. The. joystick was operated so as 
+0 bring the second spot of light into superposition with the 
spot Tepresenting the aircraft target, In order to distinguish 
betwoen the tirö spote, the missile spot: had cröss-hair shadoıs 
on it which were oriented at 15 degress from vertical, 
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0. The. Sphere. The spots of light representing the target and the 


Wasserfall missile werö projected ori a 90 degres section of a 
sphere,. This sphere was three meters in’ diameter. "For purposes 
of ealibration, the sphere was marked off in angles, 


d. The Computer. The functions of the computer were as follows; 
. (2) To furnish a typical path to the Target Simulator. 


(2) To ealculate the changes in path made when the joystick 
is operated. 


(3) To take into consideration the distance of the target and 
‚ missile in computing’ the resultant angular change of the 
£ _ target and missile spots_ or iaht. we 


hen the simulated ‚firing is initiäted, the target spot moves in direc- 
tion and vertical ängle' according to a preselected flight plan. The 
initisl vertical (ön the Sphere) is 20° degrees, The missile spot is ._ 
stärted At: zero degrees 'verticäl angle, and at the. ‚sans azimuth. Six 
Bpot, s. and the’ jeystick” 'oBerätor” begins his’ ceontröl, "Hö 'moväs the joy- 
Stick 50 as’ to ksep the shots of light in superpösition. His ability 


. todo this’ can be jJüdged easily by. visual observation on the part of 


the instructör. "When the problem has ended, he returns the missile spot 
to its’ original position by manlally operating the "cömputer through the. 
Joystick. ‚ Many höurs of training were nec&ssary before a Joystick oper- 
ator" could be considered as a trained cöntröller, In my öpinion at 
least one thousand runs were necessary in order to achieve satlefactory 
results, L 


The traines eperätes the’ jaystick‘ to Kae the” io of light from light 
gun B on that transnitted by light gun D. The Joystick fumishes Con-. 
tröl Signals in vertical and hörizintal "Sonpönents töthe elevation 
Control computer änd tie türn"Cöntröl cömputer. These signals are 
geüerated in selsyn transinitters connected mechanically to the. joystick. 
Themotörs to which the transmitter selsyns are connected then runa 
speed’ proportional to the displacement of the joystick, The motors turn 
the arms of potentiometers N and S so as to bias the changing signal as 
determined by cams 0 and Q. The motors in the missile light gun mounting 
A, turn at a speed proportional to the voltages generated in’ the missile 


sontrol somputer (from potöntiometers N, P, Rand S). Thus, the actual 


acceleration öf the missile light gun is proportional to the displacement 
of'the Joystick, This is roughly comparable t0 ‘the actual operation of 
the missile itself. The light gun D, which represeits the tärget, is 
driven by a sölsyn’ system K, L, and’M. The components öf the target path 
are determined by cams T and U. These cams can be changed to represent 
different: types of target paths, 
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